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(54) A nfiethod for the production of metallic flake pigments 



(57) A method of manufacturing metallic, especially 
aluminum flake pigments comprises comminuting me- 
tallic flake particles in an inert solvent such as mineral 
spirit and in-line screening of the siunry thus fomned in 
at least two in-line cylindrical rotary screens (1 , 20, 21 , 



22) with different mesh size. The screening system is 
fully enclosed to avoid solvent emissions. The finished 
product has consistent flake particle size distribution 
with brighter metallic finishes than conventionally pro- 
duced products. 
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, Description 

introduction 

5 [0001] The Invention relates to tlie production of metallic flake aluminum pigments. 

[0002] Aluminum flake pigments are used as silver metallic pigments in paints and ink industries. The flake pigments 
are referred to as leafing and non-leafing types. They may be In the form of dry powders or pastes. Aluminum pigments 
are conventionally manufactured by milling aluminum of various available physical fonns, for example, granular or 
spherical particles, foils or shredded foils, in hydrocarbon liquids. Fatty acids are used as lubricants In the process. 

10 With the addition of a small quantity of a suitable lubricant in a milling or grinding medium consisting of an inert hydro- 
carbon liquid, which is conventionally known as mineral spirit, slumes comprising flaked aluminum pigments of desired 
product quality are produced. Depending upon the nature of milling actions for example the time, speed, temperature, 
milling media, feed rate and charge weight ratios, the final configuration of the flaked pigment particles and the degree 
of particle fineness are detennined. However, due to the randomness of the process the aluminum flake slurries thus 

15 produced contain a very wide distribution of flake particle sizes. Thus, in order to produce flake pigments of desired 
size distribution, it is required to screen the slurries to remove the coarser sized particles. The screening process is 
one of the major process steps that control the quality of a particular pigment type. After screening, the slurry is further 
concentrated as filter cakes by removing most of the hydrocarbon liquid through a filter press. The filter cakes are then 
blended as pastes of desired aluminum metal pigment concentration. 

20 [0003] One problem with these conventional methods of manufacture Is that hydrocarbon solvents, for example, 
mineral spirits containing volatile organic, both small and medium range aliphatic and complex aromatic molecules are 
used. Because of the nature of the process there is always some solvent discharge to the atmosphere. There is growing 
concern over discharging organics into the environment. They can fomn various toxic radicals through complex pho- 
tochemical processes. 

25 [0004] Conventionally, the slurries are screened to remove coarser sized particles using vibratory screens, for ex- 
ample those available from Sweco. These are generally open systems in which the product slurries are discharged on 
a wire mesh of certain pemnissivlty mounted on a vibratory bed. The screened slurries are collected for product process- 
ing and the screen residue, hereinafter referred to as oversize, is collected separately for reprocessing. To increase 
the screening efficiency and to avoid screen blocking, the product slurries are often diluted by adding more solvents 

30 while screening. The major drawbacks of this system include: 

a) high over-size build-up on the screen, 
. b) requires targe space, 
c) scope of solvent emission is always higher (can be controlled but cannot be eliminated), 
35 d) limited production yield of finer grade products by multi-stage screening, and 
e) longer processing time. 

Generally, the oversize produced by such conventional screening systems contains a large portion of entrapped prod- 
ucts that fail to pass through the screen because of the increased restrictions of the available screen surface area as 
40 screening progresses. For further recovery of the product from the oversize, the 

[0005] oversize is diluted to a desired strength and re-screened. This is highly inefficient. 

[0006] There is therefore a need for an improved method for the production of flake aluminum pigments which will 

address this problem. 

45 Statements of Invention 

[0007] According to the invention there is provided a method of manufacturing metallic flake pigments with improved 
product properties comprising:- 

50 comminuting metallic flake particles in an inert solvent; and 

in-line screening of the slurry thus formed on an in-line screening device. 

[0008] The method of the invention provides considerable operational advantages because of its flexibility, efficiency, 
55 safety and environmental friendliness. The finished product produced by the method of the invention has consistent 
flake particle size distribution with brighter metallic finishes than products produced using conventional techniques. 
The method allows several different products with different flake particle size and optical properties to be produced. 
The method also allows selective production of a flake pigment by in-line particle size classification (s). Productivity 
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and prQjduct quality are greatly improved. 

[0009f In a pacticularty preferred ennbodlment of the invention the in-line screening is carried out by passing the slurry 
through a cylindrical screen. 

[0010] Preferably the method includes the step of rotating the screen. 
5 [0011] In one embodiment of the invention the in-line screening comprises at least two sequential in-line screening 
devices with screens of different mesh size. Preferably, the mesh size of the screens decreases in the downstream 
direction. 

[0012] In a preferred embodiment of the invention the method includes the steps of> 
10 periodically closing the flow of slurry to the in-line screening device; 
flushing the screening device in-line; 

stopping flushing and continuing the flow of sluny to the flushed in-line screening device. 

15 

[0013] In this case preferably the method includes the step of monitoring the pressure drop across the screening 
device, stopping the flow of slurry and commencing in-line flushing in response to a pressure drop above a pre-set value. 
[0014] Preferably the method includes the step of recycling oversize material from the in-line screening device. 
[0015] The metallic flake pigments are usually aluminum flake pigments which may be of a leafing or non-leafing 
20 category. 

Brief Description of the Drawings 

[0016] 

25 

Fig. 1 is a schematic representation of a self-cleaning rotary cylindrical screening device used in the invention; and 
Fig. 2 is a schematic representation of a multi-stage in-line screening system used in the invention. 

Detailed Description 

30 

[0017] The present invention provides an in-line screening system that is equipped with closed sequential product 
screening lines for efficient product classifications, and fitted with continuous reprocessing systems for the oversize 
product collected from each unit. This process enables products to be manufactured efficiently, in a safer, environmen- 
tally friendly and economic manner, 

35 [0018] Referring initially to Fig. 1 there is illustrated an in-line screening device 1 having a rotary cylindrical screening 
element 2 constructed from stainless steel wedge wire. The screen 2 Is fixed between end plates 1 0 which are rotated 
by a shaft 11 driven by a motor (not shown). Sluny flows into the device 1 through an inlet 12 and slurry from which 
oversize material has been removed is discharged through an outlet 1 3. The surface of the screening orf lltering element 
is cleaned by scraping off the residue continuously while rotating against a pair of stationary scraper blades 3 made 

40 of either Teflon^*^ or stainless steel. A device of this basic construction was provided by MM Industries Inc., Salem, 
Ohio, USA. The basic unit is commercially used for water filtration. The system is known to be used for filtering liquids 
containing minimum suspended solids. A similar system is also used for filtering paints and ink. The use of the similar 
versions was also carried out using Ronningen-Petter and Russel Finex type of systems comprising either wedge wire 
or perforated micro screens. The use of the improvised version of the device of the present invention to screen and 

45 classify metal flake pigments is not known in the metal flake industries. Besides Its newly found safer yet economic 
applications for metallic pigment manufacture, the greatest advantage of using the In-line screening system of the 
present invention is, it improves product qualities by efficient classlfbation. Yet another advantage of this process is, 
it provides high flexibility of simultaneous production of several products from single flake slurry. The system is highly 
advantageous for both continuous as well as batch-milled products. The in-line screening system of the present in- 

50 vention is fully enclosed which makes it safer to use and highly desirable as a replacement for conventional vibratory 
screening systems.. 

[001 9] In the Invention oversize particles are continuously removed from the surface of the screen element and settle 
at the bottom 4 of the screening unit. As the oversize builds up, the pressure drop across the screen Increases, i.e. 
the pressure required to allow materials to pass through the screen becomes higher. In order to ensure ease of passage 
55 of the particles through the screen, the system is preset with a limiting switch that opens a valve 9 on a solvent flushing 
line 8 above a certain pressure drop to blow-down the oversize through a valve 5 on an oversize discharge port to an 
oversize collection tank (not shown). 

[0020] Referring to Fig. 2 there is Illustrated a screening system in which a number, in this case three in-line screening 
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devices^ 20, 21 , 22, each of the same construction as illustrated in Fig. 1 , are connected in series. Sluny from a ball 
mill 2S'is pumpe.d by a pump 26 to the first screening unit 20 from which oversize particles above S5\i are returned to 
the ball mill 25. Slurry containing particles less than 55 \i are delivered by a pump 27 to the second in-line screening 
device 21 in which oversize particles above 40 \i are removed and delivered to an oversize tank 29 for recycling. Slurry 
5 containing particles less than 40 are delivered by a pump 30 to the third in-line screening device 22 In which oversize 
particles above 25 [i are removed and delivered to a second oversize tank 31 . 

[0021] The oversize particles from each screening unit 20, 21, 22 are recovered by activating a solvent flushing 
system integrated with the in-line screening device. 

[0022] The oversize particles retained in oversize tanks 29 and 31 are returned for re-screening. A valve 32 is opened 
10 to release the oversize particles back into the main line where they are delivered by a pump 27, 30 to the in-line 
screening device 21 and 22 respectively 

[0023] Thus, the invention provides an efficient method of classifying products with respect to their particle size 
distribution. An improved method vis-^-vIs conventional vibratory screens for product screening is provided, 
[0024] The invention also provides for the manufacture of metallic pigments which can be used to customise products 
15 of well characterised opacity and other relevant optical properties by blending suitably the pigments extracted from 
each screening unit. 

[0025] To obtain a high quality optical effect from the metallic pigments, which are of thin platelet fomris, it Is important 
to create a condition of homogeneity in the alignment of the pigment particles on the paint films. A wide particle size 
distribution Interferes with the alignment that adversely affects the light reflection properties from the paint films and 
20 obscures brightness or metallic colour effects. To heighten the metallic pigment effects, particle size classification plays 
a very Important role in pigment industries. The conventional manufacturing practices involve milling pre-classified 
aluminum granules or spheres of well defined particle size distribution and following further (multistage) screening 
through vibratory sieves. The conventional method Is time-consuming and often it is difficult to maximise the yield. 
[0026] According to the invention, aluminum granules or spheres of coarser nature are subjected to a wet commi- 
ts nution grinding circuit in which the metallic particles are maintained within the medium of petroleum naphtha or mineral 
spirit. The slurry bearing the comminuted particles Is withdrawn from the comminuting operation and subjected to a 
screening operation to remove oversize particles. The fractions containing coarser particles from each screening unit 
are returned for re-screening to optimise oversize generation. The fractions containing desirable particle size distribu- 
tions are removed from the circuit and subjected to filtration and blending in order to obtain an aluminum flake paste 
30 of desired metal concentration , which is normally 65wt% of the total paste. To compare the process as well as production 
efficiencies, a similar comminution operation was carried out following a conventional sieving using Sweco vibratory 
sieves. 

[0027] The invention will be more clearly understood from the following descnption thereof given by way of example 
only. 

35 

Example 1 (Comparative example) 

[0028] A standard leafing grade product, 130 type of leafing aluminum paste of US Aluminum Inc., was produced 
from two consecutive batches of ball mill slurries. The screen operation was carried out by the conventional 48 inch 

40 Sweco vibratory screen of mesh size 220 (approximately 55^). Each batch of the flake pigment slurry was produced 
by comminuting 1 87 1 b of aluminum granules for 5hr in a 3x1 2ft mill in the presence of 208 1 b of mineral spirit and 9 
lb of stearic acid. Each batch of milled slurry was washed with 1000 lb of mineral spirit and stored in a tank prior to 
a screening operation. The total amount of sluny thus obtained from the two batches contained approximately 374 1 bs 
of metal, 241 6 1 bs of mineral spirit and 1 81 bs of stearic acid. The sluny was then screened through a Sweco vibratory 

45 screen. The screened slurry was then passed through a filter press. The filter cakes collected from the filter press were 
then blended with required amount of mineral spirit to fomri type 130 paste of 65% solids content. 

Example 2 

50 [0029] As for Example 1 to produce leafing grade type 130 paste. In this case the screening was candled out by an 
In-line screening unit fitted with 55 micron cylindrical rotary screen of diameter 2 inches as described above. 
[0030] The operational parameters as well as the product properties of 130 aluminum pastes produced according 
to the Examples 1 and 2, were compared. The results are shown In table 1 . 

55 
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Table 1: 



Process and quality data of 130 pastes produced according to Examples 1 and 2. 


Paranrieters & Pfooerties 


Example 1 (Comparative 
example) 


Example 2 


Screening Time 


2hr SOmin 


1hr45min 


Oversize generation (Based on total aluminum) 


20 1bs 


1.5 lbs 


Increase in yield based on total aluminum 




-lO /o 


Leafing value (%) 


60 


65 


Retention on 325 mesh (%) 


1.2 


1.1 


Particle size by Mcivan 
IVlasterslzer 


D10 4.3 
D50 15.6 
D90 40.8 


D10 4.5 
D50 15.4 
D90 37.6 


Optical properties of 0.0015mm paint film containing 
2.5% aluminum 


Film Opacity: 92% 
Brightness: Standard 


95% Brighter than 
Ex.1 



Example 3 

[0031] As in Example 2, with an increased stearic acid content (12 lb instead of 9 lb). The milled slurry was passed 
through a series of three screening units connected in sequence according to their screen sizes, for example 100 
micron, 55 micron and 40 micron. The oversize residues collected from the 55 micron and 40 micron screens were 
passed through the respective screens at least 3 times to remove most of the finer particles. The residues from the 55 
micron and the 40 micron screens were filtered through a small filter press and the filter cakes of the Individual products 
were blended with the required amount of mineral spirit to form pastes containing 70% solids. These pastes were 
compared with a product IOC manufactured as a precursor of standard commercial grade leafing powder (905 of U. 
S. Aluminum), singularly or in combination. Similarly, the screened sluny ex 40 micron screen was also filtered sepa- 
rately and the filter cakes were blended and compared with an aluminum paste manufactured as a precursor of a 
standard finer grade leafing product, (807, of U. S. Aluminum). The results are shown in table 2, 3 and 4. This example 
demonstrates the advantage of producing several products utilising a single production slurry. According to the standard 
method of production, 807FC being a finer grade product than 130 paste requires a longer processing time. 
35 [0032] Average rates of production of the filter cake forms of 807FC and 1 30 are 28 1 b/hr and 47 1 b/hr respectively. 
The product obtained from the siuny passing through the 40 micron screen Is of similar property as that of B07FC and 
it improves the rate of production of 807FC from 28 1 b/hr to greater than 33 1b/hr. 



Table 2 



40 


Retention 


+100^ Screen 


+55^ Screen 


+40^ Screen 


Total metal content in the 
pigment slurry ex 40^ 
screen 


45 


Oversize% (Based on total 
aluminum) 


<0.1 lb 


1.51b 


451b 


•^325 lb 



Table 3: 



Pigment properties of the material ex 40 micron screen as compared with the standard 807FC of U. S. Aluminum. 


Pigment type 


Particle size 
M 


Leafing 


Retention 
+325 mesh 
screen 


Film 
opacity 


Film 

Brightness 


Production 
Yield 1 b/hr 


Pigment Ex 40 
micron screen 


D10 3.7 D50 

10.3 D90 23.5 


>80% 


Trace 


>99% 


Smoother 
Brighter Han 
807FC 


>33 
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Table 3: (continued) 





Pigment properties of the material ex 40 micron screen as compared with the standard 807FC of U. S. Aluminum. 


5 


807FC 


D10 3.3 D50 

10.5 D90 29.6 


70% 


0.1% 


97% 


Less smooth 
and bright 


28 



Example 4 

[0033] The residues collected as oversize particles from the screening units fitted with 55 micron and 40 micron 
screens as In Example 3 were blended and compared with a leafing paste produced as a precursor of a standard grade 
aluminum powder, 905, of US Aluminum. 

Table 4: 



Pigment properties of oversize collected from 40 micron and 25 micron screens. 


Pigment Type 


Particle Size 


Leafing 

% 


Film Optical Properties 


Residue from 40\i screening 
unit of Ex. 3 


D1 0 26.2 D50 43.8D90 53.2 


78 


Unlfonn, While, Bright. Sparkle 
Opacity: 81% 


Combination of residues from 
SS\i and iOji screens of Ex. 4 


D1 0 28.7 D50 48.2 D90 68.6 


74 


Unifomn, High Sparkle, Opacity: 
78% 


10C 


D10 16.8 D50 53.4 D90 112.6 


75 


Very coarse film than that of 40^ 
residue of Ex. 3 



Example 5: 

[0034] Similar experiments to those of the above examples were candied out with a standard leafing grade, 180 
aluminum paste from US Aluminum. The 1 80 paste was produced by re-milling filter cakes of US Aiumlnum 130 paste 
as described in Example 1 . The 1 80 paste consists of very fine aluminum flake particles of average particle size ranging 
between 5-9 micron. As standard practice, the remilled slurry is screened through a 400 mesh (-40 micron) vibratory 
screen prior to filtration through a filter press. Under given production conditions, this Involves a very long processing 
time with a rate of less than 15 1b/hr with respect to the total aluminum content. 

[0035] According to the present invention, a similar product was manufactured from the aluminum flake slurry as in 
Examples and screened through a series of in-line screens comprising 55 micron, 40 micron and 25 micron. The slurry 
passing through the 25 screen was filtered through a filter press and the filter cake was compared with the 1 80 leafing 
grade aluminum paste (results are given in Table 5). This process demonstrated an improvement in the production 
rate (greater than 22 Ib/hr versus less than 15 Ib/hr) and product quality. The oversize residue obtained from the 55 
micron, 40 micron and 25 micron screens were blended together and compared with another standard leafing grade 
product, 1 60, a precursor of 908 leafing powder from US Aluminum. The product obtained from the screen residues 
of the present Example demonstrated a major improvement in the product quality of 1 6C with respect to the optical 
property. 

Table 5 



Pigment Type 


Particle size micron 


Leafing powder 
% 


Film Property 


Production 
rate 


180 Paste 


D10 3.8 D50 8.5 D90 

25.2 


70 


Medium Gloss 


<15 Ib/hr 


Pigment ex 25^ screen 


D10 3.0 D50 6.9 D90 
13.7 


80 


High Gloss, Whiter, 
Higher film opacity 


>22 Ib/hr 



Example 6 

55 

[0036] As in Example 1 , a full batch of aluminum sluny comprising two milling cycles containing 380 1 b of aluminum. 
422 lb of mineral spirit and 14 1b of unsaturated fatty acid, was prepared to evaluate a standard non-leafing product 
7125 (precursors of 125NL paste and 804NL powder of U. S. Aluminum). Each milling cycle continued for 5hr in a 
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3'x12' mill. The milled slurries were washed with 2000 1b of mineral spirit and stored in a tank. A part of the slurry was 
screerfed through a vibratory Sweco screen of 230 mesh size (-55[i) and another part was screened by the method 
of the present invention using cylindrical rotary 55 micron screen. The screened slurries thus obtained from the vibratory 
screen and the in-line screening unit were further filtered separately, and the filter cakes were blended to pastes con- 
5 taining solids of 71%. The production output and the product qualities of the 71 25 thus prepared were compared (results 
are shown in Table 6). 



Table 6 



10 


Pigment Type 


Oversize/ 
10001b 
slurry (total 
aiuminum 
content) 


Screening 
Time (min)/ 
10001b 
slurry 


Particle size (^) 


Film Property 


15 


7125 standard 


15.81b 


Ihr 


D10 4.0 


Characteristic 










D50 14.8 


appearance 










D90 40.8 




20 


7125, of the 

present 

invention 


0.51b 


40 min 


D10 4.2 
D50 14.4 
D90 38.6 


Whiter than 
standard 7152 



Example 7 



[0037] A slurry as prepared in Example 6 underwent simultaneous screening through a pair of in-line screens of 55 
micron and 40 micron sizes. The non-leafing aluminum paste obtained from the residues of the 55 and 40 micron 
screening units was compared against a standard non-leafing grade aluminum paste product, 10NL. The aluminum 
paste obtained from the slurry ex 40 micron screen was compared with a standard finer grade aluminum paste 7160 
(also a precursor of 806NL, a standard grade non-leafing aluminum powder of U. S. Aluminum). This example dem- 
onstrates that several products of non-leafing grade aluminum pigments can be produced from a suitable aluminum 
slurry with higher productively and quality (results are given in Table 7). 



Table 7 



35 


Pigment Type 


Particle size 


Film property 


Production 
Rate 




7160 


D10 3.4 
D50 11.3 
D90 34.0 


Characteristic 
appearance 


22-27 Ib/hr 


40 


Paste from ex 40^ 
slurry 


D10 3,5 
D50 10.5 
D90 27.8 


Unifonm, Higher 
opacity, Whiter 


341b/hr 












45 


10NL 


D10 11.2 
D50 52.4 
D90 116.6 


Characteristic 
appearance 




50 


Paste from the 
residues of the 55 
and 40p. screens 


D10 12.8 
D50 46.1 
D90 70.5 


Unifomri, Sparkling, 
Whiter 





Example 8: 



[0038] Comparative example of the reproducibility of the particle size distribution of 71 60 type aluminum pastes, as 
55 in Example 7, produced by the method of the present Invention. These results are also compared with 7160 paste 
produced by conventional means. The conventional production of 7160 pastes involves milling aluminum granules of 
1 54 1 b with 200 1 b of mineral spirit and 6 1 b of unsaturated fatty acid for 7hr. The milled slurry after being diluted with 
additional 1 0001 b of mineral spirit is screened by a Sweco vibratory screen of 325-mesh size a. The screened slurry 
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is then filtered through a filter press. The filter cakes obtained from the filter press are blended into a paste containing 
70%*'sblids. Table 8 gives the results of three successive batches produced by each nnethod. In order to sinnulate the 
condition of possible variations in production conditions due to some external factors and human errors that may alter 
the product quality, the conditions of 7160 paste manufacture of the present example produced according to the con- 
5 ventional method mentioned above, were varied slightly either in milling time, or in the mode of screening or in mill 
charge ratios. Similar variations were also followed to produce 7125 paste of Example 6 to produce 7160 pastes 
according to the method of the present invention as discussed in Example 7. The results Indicate that regardless of 
the changes in process conditions the method of the present invention offers consistency and minimum variations in 
the particle size distribution, which are indicative of their consistent optical properties. 

10 

Table 8 



7160 produced by conventional method 


71 60 produced by the present method of invention 


Run No. 


1 


2 


3 




1 


2 


3 


Particle 


D10 3.5 


2.9 


3.8 




3.5 


3.2 


3.3 


Size 


D50 11.9 


9.4 


12.4 




10.5 


10.1 


10.4 




D90 35.2 


30.6 


37.2 




27.8 


27.3 


28.2 



Example 9: 

[0039] Ronningen-Petter system of model no DCF-400 cylindrical filter was fitted with a 50 micron vertical wedge 
wire screen to screen the standard leafing type slurries. The screened slurries were filtered and the filter cakes were 
compared with the filtercakes obtained by screening the slurries through a conventional Sweco vibratory screen of 
mesh size of 75 micron. Slurry flow rate through the screen, sieve retention value and point file properties are given 
below: 



Sample Details 


Slurry flow rate through 
the screen 


% Retention on 45^ 
screen 


Film opacity 


Rim 

brightness 


Post Sweco screen 


30Lymin 


3.7% 


Characteristic 


Characteristic 


Post DCF 


55Lymin 


1.8% 


Higher 


Improved 



Example 10: 

35 

[0040] A similar type of slurry as described in example 9, was first screened through a 150 micron microscreen 
cylindrical filter from Russel Finex and further screened through a 50 micron wedge wire cylindrical screen. The filter 
cakes obtained from these screened slurries were compared with filter cakes produced via conventional screening by 
a Sweco vibratory filter using 75 micron screen. 45 micron sieve retention values and paint film brightness are given 
below. 



Sample Details 


45 p. sieve retention 


Film Brightness 


Post Sweco screen 


1 .4% 


Characteristic 


Experimental 


1.2% 


Brighter 



[0041] The invention is not limited to the embodiments hereinbefore described which may be varied in detail. 
50 Claims 

1. A method of manufacturing metallic flake pigments with improved product properties comprising:- 

comminuting metallic flake particles in an inert solvent; and 

55 

in-line screening of the slurry thus fomried on an in-line screening device. 

2. A method as claimed in claim 1 wherein the flake pigments are selectively produced by in-line particle size clas- 



8 



EP 1 142 962 A1 

sifi9ation. 

3. A method as claimed in claim 1 or 2 wherein the in-line screening is earned out by passing the slurry through a 
cylindrical screen. 

5 

4. A method as claimed in claim 3 including the step of rotating the cylindrical screen. 

5. A method as claimed In any preceding claim wherein the in-line screening comprises at least two sequential in- 
line screening steps with screens of different mesh size. 

10 

6. A method as claimed in claim 5 wherein the mesh size of the screens decreases in the downstream direction. 

7. A method as claimed in any preceding claim including the step of recovering oversize removed by the in-line 
screening device, the oversize being recovered by activating a solvent flushing system integrated with the in-line 

15 screening device. 

8. A method as claimed in any preceding claim including the steps of: 

periodically closing the flow of slurry to the in-line screening device, 

20 

flushing the screening device in-line; 

stopping flushing and continuing the flow of slurry to the flushed In-line screening device. 

25 9. A method as claimed In claim 8 Including the steps of monitoring the pressure drop across the screening device, 
stopping the flow of slurry and commencing In-line flushing in response to a pressure drop above a pre-set value. 

10. A method as claimed In any preceding claim Including the step of recycling oversize material from the In-line 
screening device. 

30 

11. A method as claimed in any preceding claim Including the step of recycling pigment along closed recycling loops 
connected to the In-line screening device. 

12. A method as claimed in any preceding claim wherein the metallic flake pigments are aluminum flake pigments. 

35 

13. A method as claimed in claim 12 wherein the aluminum flake pigments are non-leafing flake pigments. 

14. A method as claimed in claim 12 wherein the aluminum flake pigments are leafing flake pigments. 

40 1 5. A method as claimed In any of claims 5 to 1 4 comprising the step of mixing the residues from at least some of the 
screening units. 

16. A metallic flake pigment produced by a method as claimed in any preceding claim. 
45 17, A metallic flake pigment produced by the method of claim 15. 



50 



55 



9 



EP 1 142 962 A1 




EP 1 142 962 A1 




11 



EP1 142962 A1 



European Patent 
Offtee 



EUROPEAN SEARCH REPORT 



AppHcatlon Numbor 

EP 01 65 0036 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categofy 



CHalion of document with Indlcallon, where appropriate, 
of releyant pa ss a g et 



Relevant 
to dakn 



CLASSIFICATION OF -mE 
APPLICATION OntClT) 



GB 1 264 584 A (INT. BRONZE POWDERS LIU.) 
23 February 1972 (1972-02-23) 

* the whole document * 

UO 93 20971 A (HAUSKA NIKLOS ;LOVAS ANTAL 
(HU); RACZ ADRIENNE (HU); 6RIGER AGNES) 
28 October 1993 (1993-10-28) 

* the whole docuntent * 



US 4 207 099 A (JACK STANTON E 
10 June 1980 (1980-06-10) 
♦ the whole document * 



ET AL) 



GB 2 292 744 A (SHAMROCK ALUMINIUM ;DAHLIA 
IRELAND (IE)) 6 March 1996 (1996-03-06) 

* the whole document * 

US 5 008 010 A (LANGNER HERBERT 6 J) 
16 April 1991 (1991-04-16) 

* the whole document * 



1-17 



1-17 



1-7 



1-7 



C09C1/00 
C09C1/62 
C09C1/64 



TECHNICAL FIELDS 
SeAnCHED (lni£l.7) 



C09C 



The present search report has been drawn up tor all daims 



THE HAGUE 



Date of oompletwn of the searnti 

8 August 2001 



EMuntner 

LIBBERECHT, E 



CATEGORY OF CITED DOCUMErTTS 

X : paniculnrty rfllevant If taken alono 

Y : partlcularty rdevant if combinecl with Brother 

document of tfie same category 
A : technological background 
O : non-written disclosure 
P : irrtefTTiediala doaiment 



T : theory orDrincipo undertylng the Invenilon 
E : earflft' patent document, but published on, or 

after tno fHIng date 
D : docurrwnt died in the appHcallon 
I : dix:ument dted lor other reasons 

& : member of tne same pateni famOy, oorresponding 
document 



12 



EP1 142 962 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPUCATION NO. EP 01 65 0036 



This annex lists the patenl family members relating to the patent documents cited In the above-mentioned European search report. 
The members are as contained In the European Patent Office EDP file on 

The European Patent OfRce is In no way liable for these particulars which are merely given for the purpose ot information. 

08-08-2001 



Patent document 




Publication 




Patent famfly 


Publication 


cited in search report 




[ data 




member(s) 


dat0 


GB 1264584 


A 


23-02-1972 


NONE 






UO 9320971 


A 


28-10-1993 


HU 


208842 B 


28-01-1994 


US 4207099 


A 


10-06-1980 


CA 


1086987 A 


07-10-1980 








AU 


513790 B 


08-01-1981 








AU 


3434078 A 


27-09-1979 








GB 


1586903 A 


25-03-1981 








JP 


53118509 A 


17-10-1978 








PH 


14948 A 


02-02-1982 








ZA 


7801328 A 


28-02-1979 


GB 2292744 


A 


06-03-1996 


BE 


1006732 A 


29-11-1994 


US 5006010 


A 


16-04-1991 


CA 


2008684 A,C 


09-11-1990 



o 

Hi Foi more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



13 



